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HIGHLIGHTS 

F r o m  a theoret ical  descr ipt ion of the behavior of the upper a tmosphere ,  
it i s  now possible to de te rmine  atmospheric  t empera tu res  and densi t ies  at 
a l l  points around the globe between 120 and 1 0 0 0  km. 

A total of 49 hours  of mutual observation of f l a r e  s t a r s  by Jodre l l  Bank, 
CSIRO, and the Baker-Nunn network was accomplished. 

Computer p rograms  f o r  the 1968 Smithsonian Standard E a r t h  a r e  being 
developed. 

As of June 1, 1967, 3332 synthetic simultaneous observation pa i r s  have 
been made.  

A technique f o r  observing s t a r  occultations by satel l i tes  has been 
developed. 
accuracy .  

The s y s t e m  accuracy  should be of the o r d e r  of star-position 

I t  has  been found that, cont ra ry  to some recent  suggestions,  the diurnal 
bulge does mig ra t e  seasonal ly  with the sun and has a shape similar to that 
in e a r l i e r  models .  

During the period of this repor t ,  the Baker-Nunn c a m e r a  network made 
33,846 observat ions f r o m  7S, 023 predictions.  
Moonwatch teams reported 8934 observations of 267 satel l i tes ,  a new record .  

One-hundred thirty-five 

Operation of the K-50 c a m e r a  in Shiraz terminated.  The s ta t ion at Villa 
Dolores  acquired the K-50 c a m e r a  fo rmer ly  at Curaqao, along with a BC-4 
c a m e r a  and associated equipment operated by the U. S. Coast and Geodetic 
Survey. 
H. I. M. Haile Se lass ie  I on F e b r u a r y  10. 

The Baker-Nunn station at Debre  Zeit  was  formally opened by 

A tolai  of 15, 282 prec ise  reductions were  made by the Photoreduction 
Division. The Division a l so  completed a generai-purpose plate - r e d w t i o n  
p rogram,  and a new automatic reduction p rogram was made operational.  

The Baker  -Nunn system-wide average timing uncertainty was reduced 
f r o m  f 672 to f 367 psec .  

Between Janua ry  and June, 959 l a s e r  range measu remen t s  were  obtained, 
bringing the number of range observat ions to about 2000 s ince the installation 
of the experimental  l a s e r  system. A prototype l a s e r  sys t em has  been ordered 
f o r  installation at Mt. Hopkins. 

It is now possible to d iscuss  observat ions of a comet  o r  as te ro id  made 
ove r  a n  indefinite per iod of t ime and to include the effects of the perturbations 
by all the m a j o r  planets. 
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SATELLITE - TRACKING AND DATA-ACQUISITION 

DEPARTMENT 

Normal  ODerations 

d 

The Satel l i te-T racking and Data- Acquisition Department  continued nor-  
m a l  operat ions by t racking satel l i tes  as assigned by the National Aeronautics 
and Space Administration and as needed to m e e t  the requirements  of the 
Observatory r e s e a r c h  program.  

Operational s ta t is t ics .  Tables 1 and 2 provide s ta t i s t ics  on operational 
resu l t s  f o r  the f i r s t  half of 1967 compared to the f i r s t  half of 1966, and suc-  
cess fu l  observat ions f r o m  individual observing stations.  

Launch support .  We provided launch support  f o r  the ear ly  orbi ta l  de t e r -  
minat ions of Intelsat  2-F2, TOS B, O S 0  E l ,  ATS B, TOS C ,  San Marco  B, 
ERS 18, ERS 20, ERS 27, UK E ,  and EGRS 9. 

The Baker-Nunn c a m e r a  a t  the Tokyo Astronomical  Observatory and the 
cooperating U. S. A i r  F o r c e  Baker-Nunn c a m e r a s  a t  Johnston Island and 
Edwards  AFB successful ly  photographed and confirmed the fourth-stage 
apogee m o t o r  f i r ing that inser ted the Intelsat  2 F 2  satel l i te  into synchronous 
orb i t  over  the Pacif ic  Ocean. 
we  r e  simultaneous.  

The Japan  and Johnston Island photographs 

Simultaneous observations.  The cooperative program to photograph 
sa te l l i t es  simultaneously with the Air F o r c e  Baker-Nunn stations at Cold 
Lake,  Canada, Edwards  AFB, California,  Oslo, Norway, and Johnston 
Island was  continued. 
Island, Oslo, and Cold Lake s i tes  to assist in  coordinating the program. 

S A 0  obse rve r s  spent sho r t  per iods at  the Johnston 

A cooperat ive effort  with the National Space Resea rch  Agency of F r a n c e  
w z s  i d o r m a l l v  a r r anged  with SA0  Baker-Nunn c a m e r a s  observing the F r e n c h  
Sa te l l i t es  DlC' and DID. 

Stations. On F e b r u a r y  18 the S A 0  K-50 c a m e r a  in  Shiraz terminated 
operat ions,  having obtained sufficient data  to complete the geodetic t ie  with 
the  Baker-Nunn s i te  at Debre Zeit, Ethiopia, and the K-50 c a m e r a  s i te  i n  
Athens,  Greece.  

On Apr i l  21 the Curaqao K - 5 0  c a m e r a  completed operations and 
w a s  shipped to Villa Dolores ,  Argentina, to  begin a program of observations 
wi th  the new Baker-Nunn c a m e r a  s i te  at Comodoro Rivadavia, Argentina. 
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TABLE 1 

I 

I 

Month 

Janua ry  
F e b r u a r y  
M a r c h  
Apr i l  

June 
May 

COMPARISON OF OPERATIONAL RESULTS 

January - June 1966, 1967 

Total: 

Month 

Janua ry  
F e b r u a r y  
M a r c h  
Apr i l  

June 
M a y  

Total: 

Number  of Predic t ions  

1966 1967 

12,628 10,980 
10,445 9,476 
12, 526 13,452 
13, 502 12,534 
13, 745 14, 831 
12,158 13,750 

75, 004 75,023 

Number  of Successful Observat ions 

1966 1967 

6 ,  028 5, 389 
4 ,639  4,704 
6 ,  765 5,895 
6 ,284  5,415 
7,416 6,720 
6 ,285  5,723 

37,417 33,846 
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TABLE 2 

SUCCESSFUL OBSERVATIONS BY INDIVIDUAL TRACKING STATIONS 

January-June 1966 , 1967 

Number  of Successful Observations 

Station 1966 1967 

New Mexico (SC-1) 
South Afr ica  (SC-2) 
Spain (SC-4) 
J a p a n  (SC-5) 
India (SC-6) 
P e r u  (SC-7) 
I r a n  (SC-8) 
Curaqao  (SC-9) 
F l o r i d a  (SC-IO) 
V i l l a  Dolores  , Argentina (SC - 1 1 )  
Hawaii (SC-12) 
Aus t r a l i a  (SC - 23 ) 
Ethiopia (SC-28) 
B r a z i l  (SC-29) 
Comodoro Rivadavia, Argentina (SC-31) 

4 ,053  
3, 310 
3,520 
1, 053 
3,098 
3, 026 
3,484 
3,300 
2, 058 
3, 361 
3,395 
3,759 

J> -8. 

4. ‘3. 

:: 

3,826 
3 , 274 
3,480 
1,136 
2,874 
1 , 700 

-1- .*, ,,. -,. 
.l. J, a,. 1- 

3,046 

1 ,876  
4,694 
2 ,674  
1 , 373 

.lr J, ,,. .,. 

3 J  893 

Total: 37,417 33,846 

‘::The s ta t ions  in  Ethiopia, Braz i l ,  and Comodoro Rivadavia, Argentina, 
w e r e  not operating during th i s  period. 

L 

:::::The s ta t ions  i n  I ran ,  Curacao,  and Villa Dolores ,  Argentina, were  not 
operating during th i s  period. 

4 



F i g u r e  1.  Photograph of the Applications Technology Satell i te (ATS B) take% 
with the Hawaii Baker-Nunn c a m e r a  on Februa ry  8, a t  12 h m  40 48 ; 
exposure t ime,  30 sec.  The approximate position of the ATS-B 
satel l i te  i s  36, 37-0 km above the point - 1  50"  W longitude, 0 "  
lati tude.  The range f rom the sa te l l i t e  t o  the s ta t ion i s  37, 080 km. 
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The modified K-50 c a m e r a  was moved f r o m  Athens to  Dionyssos,  
Greece ,  e a r l y  in June, in  o r d e r  to take advantage of be t te r  observing con- 
ditions. 

The  Debre  Zeit ,  Ethiopia, station was  formally opened by H. I. M. Haile 
Se la s s i e  I on  F e b r u a r y  10. 

A Coas t  and Geodetic BC-4 c a m e r a  and Doppler equipment w e r e  located 
in June a t  SAO's s ta t ion in  V i l l a  Dolores ,  Argentina,  under  NASA sponsorship.  
The location was  made  possible through NASA's use  of the S A 0  cooperative 
ag reemen t  dated March  16, 1962, with the Government of Argentina.  

Special  observat ions.  Comet  Seki 1967b w a s  photographed during 
F e b r u a r y  f o r  positional da ta .  

During F e b r u a r y  and May photography of f l a r e  s t a r s  YZCMI and BD minus 
8 deg rees  4352B was  c a r r i e d  out in  conjunction with a cooperat ive observing 
p r o g r a m  with the Jod re l l  Bank and the CSIRO Aust ra l ia  radio te lescopes.  

Engineer ing Support  

Station and c a m e r a  maintenance. Af te r  being cleaned and tes ted a t  
P e r k i n - E l m e r  Corporat ion,  a s p a r e  c o r r e c t o r  cel l  replaced the Spain c o r -  
r e c t o r  ce l l ,  which was  badly etched and beyond responding to  field cleaning. 
With the m i n o r  refurbishing of the c o r r e c t o r  cel l  originally associated with 
the f o r m e r  A i r  F o r c e  spec t rograph  located at  Kwajalein, two c o r r e c t o r  ce l l s  
a r e  now available f o r  Baker-Nunn c a m e r a  support .  

All nine protect ive windows f o r  the Baker-Nunn c o r r e c t o r  ce l l s  have 
been received.  Eight have been placed i n  s to rage  until mat ing with the ce l l s  
c a n  be accomplished;  a ninth is installed in the Comodoro Rivadavia camera .  

The des ign  of a modification of the Baker-Nunn c a m e r a  f i lm- t r anspor t  

A prototype installation made  at the New 
Product ion of the final model  fo r  installa- 

m e c h a n i s m  that  reduces  the film f r a m e  s i ze  to  approximately a 13" x 5" 
f i e ld  of view h a s  been completed.  
Mexico s ta t ion is in routine use .  
t ion  a t  all s ta t ions is i n  progress .  
ing c o s t s  a r e  anticipated with the new film fo rma t ,  which is capable  of being 
y . ick ly  changed back to  the  or iginal  30" x 5" field of view when conditions 
r e q u i r e  it. 

Considerable  savings in film and p rocess -  

The d ra f t s  of two definitive technical manuals  have been prepared  to  
assist s y s t e m  maintenance, training, and quality control. One t r e a t s  the 
Baker-Nunn c a m e r a  a n d  the other  de ta i l s  photographic process ing  requi re -  
m e n t s  of the  Baker-Nunn system. 
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F i g u r e  2.  Photograph of Surveyor  3 ,  launched f r o m  Cape Kennedy a t  07h65m 
Apr i l  17,  taken with the F lo r ida  Baker-Nunn c a m e r a ;  cycle r a t e ,  
4 sec / cyc le ,  two t r anspor t s  p e r  cyc le ;  exposure  t ime,  0 . 4  s e c .  
The c a m e r a  was operated a t  full  a p e r t u r e .  
the rocke t  c ross ing  the constellation Cygnus (the br ight  s t a r  i s  
Deneb 53) and shows the fanning of the exhaust  gases .  

The photograph shows 
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Prec i s ion  t iming sys tem.  The Baker-Nunn system-wide average t iming 
uncertainty was  reduced f r o m  5672 to  f367 psec measured  against  the National 
Bureau of Standards '  Universal  Approximation t ime scale.  
cept India, which we have not yet  been able to se t  with a portable clock, 
demonstrated maximum timing uncertaint ies  lower than f700  psec. 
stations,  F lor ida ,  New Mexico, and Hawaii, a r e  keeping uncertaint ies  lower 
than f 1 8 5  psec.  

All stations ex- 

T h r e e  

Portable-clock compar isons  were  made  a t  eight observing stations,  s ix  
using S A 0  portable clocks and two under  cooperating agreements  with the 
Naval Observatory and the Coas t  and Geodetic Survey. In addition, t ime-  
sett ing t r i p s  w e r e  made  between the S A 0  m a s t e r  clock in  Cambridge and the 
Naval Observatory,  the National Bureau of Standards,  NASA Goddard, and 
P a r i s ,  F r a n c e ,  Observatory clocks to ensu re  t raceabi l i ty  of S A 0  timing data 
to any of these  agencies.  

A study was  made to determine the future  t ime-set t ing capability required 
by 100-psec timing, and the means available to develop this  capability. 
resul t ,  a portable rubidium clock i s  being procured that will be able to se t  
field clocks within *5 psec of the Cambridge m a s t e r  clock. F u r t h e r  study 
of 100-psec t iming resulted in an outlined work plan for  achieving this  goal 
by January  1968. 

As a 

Routine timing data were  assembled f r o m  the National Bureau of Stand- 
a r d s ,  the Naval Observatory,  and the Cambridge monitor.  This  information 
w a s  then used to notify observing s ta t ions of i r r egu la r i t i e s  and to apply pre-  
c i s e  cor rec t ions  to f i lm t imes .  

Electronic  maintenance. Ten loop antennas w e r e  constructed and sent 
to observing s ta t ions with an a im to  improving V L F  t ime-signal  reception 
and to reducing r ece ive r  sensit ivity to  a tmospherics .  

Geodetic c a m e r a  development. Chopper- shut ter  performance has  been 
s tandardized and calibrated.  A new g r o s s  shut ter  design has  been completed 
and the prototype is being constructed for  installation on the modified K-50  
c a m e r a s  at V i l l a  Dolores,  Argentina, and Greece.  

L a s e r  Activit ies 

Routine l a s e r  ranging on retroref lector-equipped satel l i tes  continued at  
Some of the first range m e a s -  t he  Organ  Pass, New Mexico, l a s e r  facil i ty.  

u r e m e n t s  acquired on the two French  l a s e r  satel l i tes  were  made in  March  by 
the  New Mexico l a s e r  team. Table 3 shows the number of prec ise  range 
m e a s u r e m e n t s  made  p e r  month on the retroreflector-equipped satel l i tes  
GEOS A, B E  By BE Cy DlC ,  and DID. 

Negotiations were  completed fo r  the th ree  ma jo r  prototype l a s e r  compo- 
nents  and cont rac ts  f o r  t h e m  were  placed in  ea r ly  1967. 
which includes the s ta t ic  pointing pedestal ,  a l a s e r  t r ansmi t t e r ,  and a tele- 
scope photoreceiver  and should be able to obtain r e tu rns  in daylight, is 
scheduled fo r  de l ivery  about August 1,  1967. 
on Mt. Hopkins, Arizona.  

The equipment, 

The equipment will be installed 
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TABLE 3 

LASER RANGE MEASUREMENTS (1.5-m RESOLUTION) 

Janua ry  through June 196 7 

J a n u a r y  

Februa ry  

March  

Apr i l  

May 

June  

Total: 

147 

58 

89 

67 

3 58 

240 

9 59 

- 
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A proposa l  f o r  the evaluation of a prototype l a s e r  satel l i te- t racking 
s y s t e m  ( P  100-4-67) was  submitted to  NASA/OART in  ea r ly  May. 
a t ion period f o r  the prototype l a s e r  will  commence  i n  August when the sys-  
t e m  is del ivered.  

The  evalu- 

Moo nw a t  c h 

T h e r e  a r e  now 135 Moonwatch t e a m s  with reg is te red  s i te  numbers  in  24 
countr ies .  
i nc rease  of 14 s ince the l a s t  half of 1966. 

With new t eams  in the United Kingdom and Holland, this is an  

In the f i r s t  6 months of 1967, 8934 observat ions of 267 sa te l l i t es  were  
repor ted ,  th i s  being another  record.  

The s tandard  of accuracy  continues to  improve.  Analysis of observat ions 
of S A 0  sa te l l i t es  received in the l a s t  half of 1966 shows that t he re  a r e  now 
some  2 0  t e a m s  capable of making observat ions comparable  in accu racy  to  
Baker-Nunn f ie ld-reduced observat ions.  Such observat ions a r e  of value in 
orb i t  cor rec t ion .  On seve ra l  occasions , Moonwatch observat ions have con- 
tr ibuted significantly to  the maintenance of the o rb i t s  of ce r t a in  "difficult" 
s a t  e l l  it e s. 

Steady and increas ing  in te res t  continues to  be shown in  the Low-Per igee  
P r o  g ram. 

Predic t ions  of satel l i te  decays continue to  be sent to appropr ia te  t eams ,  
and the air  pilot patrol  has  enrolled many new a i r l ines .  

The  inc reased  work  involved i n  handling the  observat ions h a s  made  it 
n e c e s s a r y  to  p r o g r a m  some of the s ta t i s t ica l  work of the Division f o r  the 
computer .  
ment .  

Th i s  is being done with the help of the Data-Process ing  Depart-  

Predic t ions  to  the t e a m s  have been improved by issuing in t e r im  c o r r e c -  
t ions to the ephemer ides .  
and New Zealand teams by Adelaide Moonwatch is proceeding smoothly and 
h a s  been la rge ly  responsible f o r  increas ing  the useful output f r o m  these  t eams .  

The  computation of ephemer ides  f o r  the Austral ian 
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Figure  4. Baker-Nunn c a m e r a  photograph f r o m  Japan  of Intelsat  2 -F2  
apogee motor  f i r i ng ,  taken on January 14. A l l  exposures  a r e  
0 .4  s e c ;  t imes  given a r e  center  exposure t imes .  

F r a m e  number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
12  
1 3  
14 
1 5  
16  
17  
18 
1 9  
20  

Time (UT)  

h m s  10 11 35 
10 11 37 
10 11 39 
10 11 41 
10 11 4 3  
10 11 45  
10 11 47 
10 11 49  
10 11 51 
10 11 53 
10 11 55 
10 11 57 
10  11 59 
10  12  01 
10 12 03 
10 12  05 
10 12 07 
10 12 09 
10  12 11 
10  12 13  

Remarks  

2 s e c  af te r  ignition 

Engine burnout 
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COMMUNICATIONS 

A 100-wpm teletype c i rcu i t  tie-line between 6 0  Garden  S t r ee t  and 185 
Alewife Brook Parkway h a s  been establ ished;  among o ther  purposes  it will  
afford instantaneous communications f o r  the upcoming OGO-D satel l i te  
launching. 
with any of s eve ra l  machines ,  result ing in  immedia te  contact with NASA and 
o ther  interested agencies.  

Through loca l  patching faci l i t ies  the c i rcu i t  can  be connected 

P r o g r e s s  has  been made  i n  the construct ion of p rope r  faci l i t ies  f o r  the 
new DCS Autodin (Defense Communications System, Automatic Digital Net- 
work)  c i rcui t .  
n e a r  future ,  and equipment installation will  begin immediately thereaf te r .  
F o r  approximately 16 months we  have been operating on the DCS c i rcu i t  
through the fac i l i t i es  of the 1 s t  Naval Dis t r ic t  Communications Center  
(COMONE) in Boston, via a 100-wpm t ie- l ine c i rcu i t .  The DCS network is 
used f o r  t r ansmi t t a l  and receipt  of teletype t raff ic  with observing s ta t ions i n  
Spain,  Japan, Hawaii, Ethiopia, and Greece  plus many o ther  observa tor ies  
and cooperating agencies  throughout the world. The use  of this  c i rcu i t  r e -  
su l t s  in substantial  savings.  

F ina l  approval  f o r  the facil i ty is expected within the v e r y  

S A 0  is negotiating f o r  the acquisit ion of adequate t r a n s m i t t e r  and r ece ive r  
equipment f o r  the observing station in  Natal, Braz i l ,  with plans to es tab l i sh  
a radio-teletype c i rcu i t  between the Natal  s ta t ion and the NASA stat ion n e a r  
L ima ,  Pe ru .  S A 0  intends f o r  the Natal  station to  be included on the NASA 
Communicat ions (NASC OM) network. At the present ,  NASA's P e r u  s ta t ion 
handles t raff ic  v i a  radio-teletype to  and f r o m  our  observing station in 
Arequipa,  P e r u ,  and v i a  long-established and rel iable  c i rcu i t s  between P e r u  
and S A 0  in  Cambridge.  

Seve ra l  avenues have been investigated regarding the procurement  of 
appropr ia te  communicat ions equipment f o r  the Greece  observing station, 
which moved f r o m  Athens to a mountain a r e a  n e a r  Nea Makr i  in April.  The 
DCS network is now used to  the Naval Communications Station in Greece  and 
i rom the i-e -+-is T c!ex to  the Xat inna l  Technical  Unive rs i ty  in  Athens, where  
m e s s a g e s  a r e  picked u p  by station personnel.  Our intention is to  provide 
UHF o r  o ther  appropr ia te  communications equipment and to  es tabl ish a c i r -  
cui t  between the Naval Communications s ta t ion and the observing station. 
W e  shal l  continue, in any case ,  to communicate  with the Greece  s ta t ion via  
the  DCS network, at l e a s t  as far  as the Naval station. 
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DATA DIVISION 

Ope rat ional  Satell i te Tracking  

L 

The Data Division supplied weekly tracking predict ions to  the Baker-Nunn, 
Moonwatch, and l a s e r  stations.  Simultaneous predictions w e r e  sent  to  the 
modified K- 50 geodetic c a m e r a s  at I ran ,  Netherlands Antil les,  and Greece ,  
on the Echo-1, Echo-2, and PAGEOS-A satel l i tes .  

The Baker-Nunn stations performed backup observing on s ix  NASA 
launches and one r een t ry .  

The cooperative observing p rogram with NORAD resul ted in the Observatory 
providing t racking support  on seven different objects in  the pas t  6 months,  and 
the A i r  F o r c e  Baker-Nunn cameras  supporting the Observatory in i ts  s imul -  
taneous p r o g r a m  by t racking a s  many a s  five sa te l l i t es  in any 1 month. 

A total of 40 sa te l l i t es  w e r e  t racked by the Baker-Nunn c a m e r a s  during 
the f i r s t  half of 1967 a t  the request  of NASA, the Observa tory ' s  sc ien t i s t s ,  
and o ther  agencies .  
vations, predictions,  long-range forecas ts ,  and auxi l iary data continue to be 
provided to the following agencies:  
Universi ty  of California,  U.  S. Coast and Geodetic Survey, Department of 
Defense, Langley Resea rch  Center,  Bell Telephone Labora tor ies ,  A i r  F o r c e  
Cambridge Resea rch  Laborator ies ,  University of London, Raytheon 
Corporation, GIMRADA, and the National Center  f o r  Space Studies (CNES) 
in F rance .  

Orbi ta l  e lements ,  f ie ld-reduced and photoreduced obse r -  

Tokyo Astronomical  Observatory,  

A new method of high-density predicting fo r  cer ta in  satel l i tes  was put 
into operation to  implement  the geodetic w r k .  

The  cooperative observing p rogram with the Royal Radar  Establishment 
a t  Malvern,  England, and the European network of 1 7  stations continued 
through this period. Echo-1, Echo-2, and PAGEOS-A balloons were t racked 
in this  program.  

The Observa tory  is participating fully in the National Geodetic Satell i te 
P r o g r a m  using the PAGEOS-A balloon. 

A cooperative effort  of 3 month 's  durat ion was c a r r i e d  out on the BE-B, 
BE-C, GEOS-A, DlC,  and DID l a s e r  sa te l l i t es  with the SA0  and Air  F o r c e  
Baker-Nunn c a m e r a s ,  the SA0  l a s e r ,  the Goddard l a s e r ,  and the l a s e r  
s y s t e m  of F r a n c e  all participating. P re l imina ry  resu l t s  appear  to be ve ry  
good. 
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S t a r  Catalog 

Seven copies of the S A 0  S t a r  Catalog on magnet ic  tape w e r e  sold in  this  
per iod,  bringing the total  to 55 since 1963. 
$50. 0 0  pe r  copy, and the revenue i s  credi ted to  the cos t  of operat ions.  

The catalogs a r e  sold a t  cos t  f o r  

Pr in ted  copies of the catalog w e r e  dis t r ibuted to  a v e r y  small number 
of applicants.  
s tock of 1200. 

About 400 copies  a r e  still fo r  sa le  at the GPO f r o m  a total  

S t a r  cha r t s  have been dis t r ibuted t o  Baker-Nunn s ta t ions and to Moonwatch 
A quest ionnaire  distributed to about 600 schools  and col leges  indicated t eams .  

that about 1200 s e t s  should be published. 

So la r  Data 

Data on 8-,  l o - ,  and 20-cm so la r  f luxes are  received and tabulated, and 
resum’es a r e  sent  once a month  to subscr ib ing  par t ies .  

Geomagnet ic  planetary indices a r e  received and computed every  2 weeks,  
with subscr ibing pa r t i e s  receiving r epor t s  once a month. 

A daily check on so la r  f l a r e s  and magnet ic  s t o r m s  is made  to  inform 
inqu i re r s  on so la r  activity. 

Timing Data 

Atomic t i m e  and U T  data  a r e  rece ived  f r o m  t ime  s e r v i c e s  in Paris, 
London, Washington, Tokyo, and Ottawa. 

Polar-motion data  a re  received f r o m  Paris and Tokyo. 

PREDAT 

Since its inception i n  January 1967, PREDAT, the P rec i s ion  Cent ra l  
Sect ion of the Data Division, has i ssued  t h r e e  bulletins,  on Purpose ,  on P o l a r  
Motion, and on S t a r  Char t s .  

New S t a r  Catalog 

P repa ra t ions  have been made to  rece ive  the newest  southern sky catalog 
(Ann. Cape O b s . ,  vol. 21) on magnetic tapes  f r o m  the U.  S. Naval Observatory.  
A p r o g r a m  to  compare  and incorpora te  th i s  new material into the S A 0  S t a r  
Catalog is being wri t ten.  
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PHOTOREDUCTION DIVISION 

P r o g r e s s  

. 

. 

The Film Control  Section received and cataloged 32,283 Baker-Nunn 
films, 1,289 geodetic c a m e r a  (K-50) plates ,  and 120 plates f r o m  the Royal 
Radar  Es tab l i shment ' s  c a m e r a  in Malvern,  England. 

The reduction of a previously received batch of Malvern plates  was 
completed. 
S A 0  Baker-Nunn s ta t ions.  

This  effor t  resul ted in 124 simultaneous observations made  with 
A total of 15,282 p r e c i s e  reductions w e r e  completed. 

The new automatic  reduction program,  wri t ten by M r .  I. G.  Campbell  and 
M r .  Dick Poland, was made operational ( in  a CDC 6400 vers ion)  in May. Using 
this program,  an  individual can now select  the r e fe rence  s t a r s  to be used, 
m e a s u r e  the f r a m e  in question, and let the computer  determine which stars 
w e r e  measured ,  look up their  coordinates in the S A 0  S ta r  Catalog tape,  and 
then p e r f o r m  the requi red  reduction-all in  a single computer run. 
the f o r m e r  sys tem,  the computer selected the s t a r s  to be measu red  on one 
run ;  theqaf te r  the measu remen t  had occurred ,  the reduction was made in a 
second run. 
immediate  r e su l t  of improving operational efficiency. A second benefit i s  that  
individuals can se lec t  m o r e  desirable  re ference  configurations, since they are 
able to account fo r  varying sky conditions m o r e  eas i ly  than the computer can. 

Under 

The elimination of a computer run  in our  process  has had the 

M r .  David Arnold has  completed a general-purpose p rogram for  the r e -  
duction of the var ious  types of as t rographic  plates that the Division is called 
upon to m e a s u r e .  This  p rogram will be used in the coming months in the 
reduction of K-50 plates ,  Malvern plates ,  and a var ie ty  of plates f r o m  the 
European  Geodetic Network. 

In  January  a solid- s ta te  digitizing s y s t e m  was installed, to digitize 
It has  shown a lower  fail- measu remen t  information f r o m  the compara tors .  

u r e  ra te  in compar ison  with the sys t em it replaced. 

We are continuing our  joint effort  with the Satell i te-Tracking and Data-  
Acquisit ion Depar tment  f o r  the improvement of the quality of f i lms  produced 
by the S A 0  network. M r .  Robert  Yorke has distribiited ar: updated ni-ztline of 
the requi rements  f o r  prec ise  reduction for  use  by field personnel.  In addition 
he has  begun a p r o g r a m  of retraining for  field personnel  visiting Cambridge.  

P l ans  

According t o  la tes t  es t imates  , the digitization of our microdensi tometer  
should occur  during July 1967.  

Our ma jo r  e f for t  during the coming months will  be oriented toward the 
reduction of data f o r  use  in the next S A 0  Standard E a r t h  computations. 

We will  pe r fo rm an analysis of our  reduction sys tem to de te rmine  
whether  improvements  can be made in t iming o r  positional accuracy .  
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PROGRAMMING DIVISION 

The P rogramming  Division is responsible for  the development of computer  
p rograms  fo r  a l l  phases of the satell i te-tracking p rogram,  fo r  the operation 
of existing computer p rograms ,  and for  development work in applied mathe-  
mat ics  requi red  to achieve these  objectives. 
a lmost  exclusively a Control Data 6400. 

The computer p rograms  now use  

Equipment Studies 

Display sys tem.  A feasibil i ty study is  being conducted on the use  of a 
microf i lm pr in te r  - plotte r. 

New Equipment 

The CDC 6400 was purchased during this  repor t  period a s  a n  extension 
of the gran t  y e a r  1967 funds. A l e t t e r  of intent has  been forwarded to Con- 
t r o l  Data Corporat ion for  advance scheduling and pr ice  commitment f o r  a 
new cent ra l  computer  6604, with an expected del ivery date of November 15, 
1968. 

Computer  Sys tems and Sys tems Programming 

A remote  te rmina l  has been installed and i s  operating on a low-speed 
We a r e  now in the process  of upgrading this  te rmina l  a t  6 0  Garden basis .  

S t r ee t  to high-speed operation. 

Many modifications were  made to the cur ren t  operating sys tem (Scope 
Work has p rogres sed  sat isfactor i ly  on the new sys t em (Scope 3 .  0),  2 . 0 ) .  

which is now being used on a limited bas is .  

P r o g r a m s  

SCROGE. This  p r o g r a m  produces operating schedules fo r  the tracking 
s ta t ions ,  based on satel l i te  orbital  e lements .  F u r t h e r  improvements  have 
been made ,  such as the method of selecting regular  predictions and the timing 
of long runs. 

Simultaneous SCROGE. The simultaneous selection process  has  been 
expanded so that any number  of satell i tes can be processed  together. 
e l imina tes  conflicts a t  t he  stations concerned. 

This 

Standard Ea r th .  Work i s  continuing on this project  

T e s s e r a l  harmonics .  This  program has been modified and has been 
reduced in field length by  overlaying. 
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DO1 (Different ia l  Orbit  Improvement) .  

1 .  

2. 

3 .  Lunar  per turbat ions.  
4 .  

5. 

The following have been added to  
the operat ional  DOI: 

per turbat ions due to  J 2  t e r m s  in the e a r t h ' s  gravi ta t ional  field. 

e a r t h ' s  potential. 

Zonal harmonics  - Kozai 's  theory  f o r  long-period and s e c u l a r  

T e s s e r a l  harmonic per turbat ions due to t e s s e r a l  harmonics  of the 

MAR, which will  compute p rec i se  mean-anomaly res idua ls  for  each  

SLOI, which c o r r e c t s  the mean  motion f o r  contributions to the motion 
observat ion with r e spec t  to  the input orb i t .  

of the a rgument  of per igee  that arise f r o m  sources  o ther  than the e a r t h ' s  
gravity and that a r e  ref lected in the mean  motion. This  cor rec t ion  is neces-  
s a r y  in some  c a s e s  in o r d e r  that the s e m i m a j o r  ax is ,  which i s  computed 
f r o m  the mean  anomaly, be accurately determined.  F o r  sa te l l i t es  with l a r g e  
a r e a - m a s s  ra t ios  (one of the balloon sa te l l i t es ,  fo r  example) ,  so l a r -  radiation 
p r e s s u r e  may produce a l inear  t e r m  in the a rgument  of per igee of equal o r  
g r e a t e r  magnitude than that due to gravity.  In such  a case ,  SLOI will  produce 
much be t te r  orbi ts  f r o m  photoreduced observat ions and will  probably yield 
significant improvement  even with f ie ld  - reduced observat ions . 

. 

AIMLASR. Th i s  l a s e r  prediction p r o g r a m  i s  now operational.  It has 
been expanded to include the option of output on paper  tape for  d i r ec t  t r a n s -  
mis s ion  to the l a s e r  s i t e s  via teletype t r ansmiss ion .  

Doppler data. Two p rograms  have been wri t ten for  converting range 
and r ange - ra t e  Doppler observat ions of satellites into a fo rma t  acceptable  
to  DOI. 

ASIRP. This  new reduction p r o g r a m  has been put into production. It 
rep laces  SI-ARP and SI- P R E P  and u s e s  a n  automatic  s tar- ident i f icat ion 
faci l i ty  . 

Ephemer i s  package. About 8070 of the computational subrout ines  and 
This  package will  7070 of the ma in  driving p r o g r a m  have been completed.  - -  - 

r ep lace  a l l  o t h e r  Ephemer i s  p rograms  with the -possible exception o f  
Ephemer i s  7. 
i t s  g rea t  flexibility through control c a r d s .  
possibil i ty of generat ing new types of ephemer ides  by this  package by proper  
a rangement  of control-  ca rd  configuration. 

P e r h a p s  the outstanding f ea tu re  of this  new package will  be 
This  flexibility wil l  include the 

Miscel laneous.  
1 .  

2 .  
3 .  
4.  

5. 

The following p r o g r a m s  have a l so  been completed: 
A p r o g r a m  for  computing second-order  shor t -per iod  per turbat ions 

A p rogram f o r  the inversion of m a t r i c e s  of pract ical ly  unlimited s i ze .  
A CDC 6400 p r o g r a m  to  manipulate Po i s son  s e r i e s .  
A p r o g r a m  to  compute the s e c u l a r  var ia t ions of the orb i ta l  e lements  

P r o g r a m s  fo r  handling var ious aspec ts  of orbi t  computation of 

due to the e a r t h ' s  oblateness .  

f o r  a d i r ec t  o rb i t  whose aphelion is within the orb i t  of the dis turbing planet. 

comets .  
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DATA UTILIZATION 

. 
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RESEARCH AND ANALYSIS 

Dynamical and Geometr ica l  Geodesy and Geopotential Investigations 

Mr .  E .  M. Gaposchkin directed the prepara t ion  of computer  p rograms  
that a r e  ins t rumenta l  in the dynamical geopotential calculation of the 1968 
Smithsonian Standard Ea r th .  Most of the existing p r o g r a m s  have now been 
rewr i t ten  fo r  the new computer ;  however, the re formula t ion  of theoret ical  
foundations to br ing a l l  accurac ies  to 1 / 2  m necessi ta ted a continuing pro-  
gramming e f fo r t .  
rewr i t ten  a r e  second-order  oblateness,  lunar  per turbat ions,  and t e s s e r a l  
harmonics .  
period per turbat ions due to a tmospher ic  drag ,  long-period a tmospher ic  drag ,  
s o l a r  - radiat ion p r e s s u r e ,  and long-period zonal per turbat ions.  

Existing per turbat ions used in orb i t  calculations that were  

The ref inements  now in var ious  s tages  of development a r e  sho r t -  

The 1968 Smithsonian Standard E a r t h  will utilize da ta  f r o m  various 
t racking sys t ems .  M r .  L. H. Solomon worked on the conversion of NASA 
range and range-rate  tracking data to a fo rma t  usable with the SA0  orb i t -  
de te rmina t ion  p rograms  and tracking data .  
co r rec t ion  of t ropospheric  and ionospheric contributions to the s y s t e m  e r r o r s  
and an  analysis  of s y s t e m  accuracy  relat ive to the S A 0  tracking sys t ems .  
P r e l i m i n a r y  r e su l t s  were  repor ted  a t  the AGU meeting in  Apr i l  1967 and at a 
NASA working group meet ing in May. Work is continuing on this sys tem,  
which has  been expanded to include Mini t rack,  SECOR, A P L  Doppler,  and 
o ther  p rec i se  tracking sys t ems .  

This  includes the evaluation and 

In prepara t ion  fo r  utilizing large quantit ies of d ive r se  t racking data ,  
M r .  Gaposchkin and M r .  Solomon began preparing computer  p rograms  fo r  
the reduction, handling, and evaluation of data.  The 1968 Smithsonian 
Standard E a r t h  will  use a m a s t e r  da ta  fi le,  machine-accessible  fo r  all th ree  
solutions (geometr ic ,  dynamic,  and g rav ime t r i c )  . 

Some pre l iminary  Standard E a r t h  calculations,  mainly regarding init ial  
condition p a r a m e t e r s ,  have been per formed.  M r .  A. Girnius  rev ised  the 
coordinate  -iraiisforiliatioii p r o g r z ~ .  tc! zn i c c u r a c y  of 1 cm: because of the 
prospec t ive  higher accuracy  i n  station-posit ion determinat ion with the advent 
of laser tracking. 
sequent ia l  collocation of range (SECOR), Minitrack, and MOTS tracking 
s ta t ions  were  t ransformed to the S A 0  s tandard  s y s t e m  as pa r t  of the input 
to the 1968 Smithsonian Standard E a r t h  calculation, which will begin in the 
fall of 1967. 
f r o m  1891. 5 to 1967. 1, and the plotting p r o g r a m  was rev ised .  

The geodetic coordinates  of the range and range r a t e ,  

The coordinates  of the e a r t h ' s  instantaneous pole were  compiled 

F o r  geoid studies,  a p rogram f o r  datum rotation, which will complement  
an o lder  p r o g r a m  fo r  datum displacement ,  was  wri t ten and checked by hand 
calculat ions.  

22  



In geometr ica l  geodesy studies,  the total  number of synthetic simultaneous 
observation pa i r s  as of June I ,  1967, s tands a t  3332. Four teen  Baker-Nunn 
c a m e r a  stations have been connected by  41 l ines .  
simultaneous observation pa i r s ,  Mr .  Girnius  determined the direct ions of 32 
l ines  through individual line adjustments and the absolute direct ions of 25 
l ines,  applying net adjustments  according to coplanari ty  conditions. Through 
a selection of observat ional  ma te r i a l  and by application of s t r i c t e r  c r i t e r i a  
for  poor observations,  much  sma l l e r  closing d iscrepancies  in the unit-vector 
t r iangles  between stations were  obtained. 

F r o m  3152 synthetic 

M r .  J. Rolff, on behalf of the Observa tory  and the Cent ra l  Bureau  for  
Satellite Geodesy, continued his  efforts to increase  international cooperation 
in satel l i te  geodesy, p r imar i ly  concentrating on coordinating the effor ts  of 
European scient is ts .  He attended a meeting of the West European Satellite 
Triangulation Commission in Venice, Italy. He a l so  visited four GEOS 
observing s ta t ions in Western  Europe to d i scuss  operational and scientific 
m a t t e r s .  As  a resu l t ,  hundreds of GEOS f lash  observations received f r o m  
these stations can now be incorporated into Observa tory  geodesy p rograms .  
Cooperation with the E a s t  European sec to r  continues to be excellent.  Riga, 
USSR, sent  in i ts  f i r s t  p rec ise ly  reduced GEOS observat ions.  

D r .  W.  Kohnlein der ived the gravi ty  gradient  on the ea r th ' s  surface f r o m  
the motion of artificial satel l i tes .  
el l ipsoidal f ield) shows a s t rong  cor re la t ion  with the continental topography: 
positive values in flat a r e a s  and negative anomalies  in a r e a s  coinciding with 
the worldwide mountain chains.  The gravitational potential has  been de te r  - 
mined f r o m  a combination of satell i te data  with f r ee  - a i r  gravity anomalies .  
To date,  the harmonic coefficients a r e  analyzed up to degree and o r d e r  12,  
including cer ta in  higher resonant t e r m s  such a s  15, 13;  15,14. 

The anomalous effect ( r e f e r r e d  to an 

In an at tempt  to improve the accuracy  of available direct ion observations,  
D r .  B. Kolaczek studied the technique of observing s t a r  occultations by 
sa te l l i t es .  This  photoelectric tracking sys t em could conceivably t r ack  br ight  
o r  d a r k  sa te l l i t es  with the observed time of a star occultation by a satell i te 
giving d i rec t ly  accura te  topocentric satel l i te  positions. The s y s t e m  accuracy  
should be of the o rde r  of the s tar-posi t ion accuracy,  in general ,  be t te r  than 
the Baker-Nunn c a m e r a  accuracy.  

Dr. K c h c z e k  ani -Mr= C. G. Lehr  es t imated  the frequency of occurrence  
of s t a r - sa t e l l i t e  occultations, and the f i r s t  observat ional  experiments  began 
with the cooperation of Wright-Pat terson AFB. 

A tmo  s p he r ic Stud ie s 

D r .  L. G. Jacchia  and M r .  J. W. Slowey continued to der ive  a tmospher ic  
dens i t ies  f r o m  the orb i ta l  d r a g  of a number of satel l i tes  and to use  them to 
investigate the s t ruc tu re  and variations of the upper a tmosphere.  
expected that a "catalog" of densi t ies  not previously published will  appear  

It i s  
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soon. They a r e  now using all the accumulated data  in a s e r i e s  of s tudies  of 
the seve ra l  types of var ia t ion.  
with geomagnetic activity was completed e a r l i e r ;  now a detailed study of the 
d iurna l  var ia t ion has been completed. 
they found that the diurnal  bulge does migra te  seasonal ly  with the sun and 
that it has  a shape s imi l a r  to that in e a r l i e r  models .  The d ispar i ty  in high 
lati tudes that had led to a revis ion in  the shape and location of the bulge was 
explained in t e r m s  of an independent density bulge that f o r m s  over the geo- 
graphic  pole in e i ther  hemisphere  during the winter months.  
use of Satel l i tes  1958 Alpha, 1959 al, 1960 e l ,  1962 p 7 2 ,  1963 ~ 1 ,  1963 53A, 
1964 76A, and 1964 84A. 

A study of a tmospher ic  dis turbances associated 

Con t ra ry  to some recent  suggestions,  

This  work made 

Similar  s tudies  of the semiannual variation and the so l a r  -cycle variation 
a r e  in p rogres s .  
se lec ted  ma jo r  geomagnetic perturbations has  a l so  begun, with photoreduced 
observat ions being used where possible. 
and other  work. 

A study of the atmospheric  per turbat ions associated with 

M r .  Campbell  i s  ass i s t ing  in this 

D r .  Jacchia  and M r .  Slowey have analyzed the d rag  on Echo 2 over  a 
long interval  and have nea r ly  completed work on a similar interval  fo r  
1963 30D. 
by so lar - rad ia t ion  p r e s s u r e .  
of cor rec t ing  the mean  motion for  the effects of so la r - rad ia t ion  p r e s s u r e  has  
made  i t  possible to compute much m o r e  accura te  orb i t s  fo r  these objects and 
has  grea t ly  increased  the reliabil i ty of the density data  obtained f r o m  them. 

Both sa te l l i t es  have g rea t  per igee heights and a r e  strongly affected 
The d iscovery  by M r .  Slowey of the necess i ty  

D r .  M. Roemer  visited the Observatory for  s eve ra l  weeks. With the 
help of the group he re ,  he i s  continuing work on the d rag  analysis  of the 
Echo-1 satel l i te  that  he began ea r l i e r .  

D r .  M. P. F r i edman  s e t  up for  solution on the digital  computer a 
theoret ical  descr ip t ion  of the behavior of the upper a tmosphere .  
S A 0  can  de termine  the atmospheric  tempera ture  and densi ty  a t  points all 
around the globe between alt i tudes 120 and 1000 km. In this altitude range 
the var ious consti tuents of the atmosphere sepa ra t e ,  the l ighter ones r is ing 

and H a r e  considered.  

With this,  

m o r e  rapidly.  In his analysis  the ma jo r  neut ra l  consti tuents 0 2' N2' 0, He, 

Ait'nougii this altit.;dc razge includes the ionosphere,  the charged 
pa r t i c l e s  a r e  a t  much lower concentration than the neutrals .  
have a small but measurable  effect on the t empera tu re  of the neut ra l  consti tu- 
en t s ,  as the e lec t rons  a r e  somewhat hotter.  
however,  so l a r  radiation. D r .  F r i edman ' s  init ial  r e su l t s  give a tmospher ic  
t empera tu res  and dens i t ies  that  ag ree  reasonably well  with satel l i te  m e a s -  
u remen t s .  

The e lec t rons  

The ma in  source  of heat is, 

3 D r .  Papaliolios continued to t r y  to de te rmine  the l i fe t ime of the a TT 

s t a t e  of CO by high-resolution spectroscopy. A hydrogen continuum source  
w a s  built  for  th i s  purpose,  and the absorption band a t  2064 %, was seen  with 
a low- r e  solution instrument .  
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L a s e r  Investigations 

c 

The l a s e r  s y s t e m  a t  the observing s ta t ion in New Mexico continued the 
measu remen t  of ranges  to satel l i tes .  
2000 range observat ions have been obtained with the sys t em.  
observat ions have been used along with prec ise ly  reduced Baker  -Nunn o b s e r -  
vations in the computation of orbi ts .  These  computations show that the l a s e r  
range measu remen t s  a r e  consistent with the angular m e a s u r e m e n t s  obtained 
with the c a m e r a s .  

Since i t s  installation in 1965, about 
Some of these 

The number  of photons in the received l a s e r  pulse was  measu red  fo r  17% 
These  data  are  being used f o r  M r .  L e h r ' s  s ta t i s t ica l  analysis  of the r e tu rns .  

of such  effects  as velocity aber ra t ion ,  a tmospher ic  t ransparency ,  and dif- 
f r ac t ion  of the r e t ro re f l ec to r .  

Ce le s t ia l  Me chanic s 

D r .  S. E .  Hamid has  undertaken a p r o g r a m  of identification of old 
Chinese observat ions of comet s  with cur ren t ly  observed comets .  
check the validity of his  development of the disturbing function and the 
numer i ca l  approach  to the secu la r  per turbat ion of bodies within the so l a r  
s y s t e m ,  a pro jec t  to  obtain the ephemer ides  of Comet  Encke f o r  the last 
2500 y e a r s  was begun. In an at tempt  to identify Encke ' s  Comet  with old 
Chinese observat ions,  about 1 3  observat ions f r o m  as  e a r l y  as  110 B. C.  were  
found to a g r e e  with the predicted position of Comet  Encke .  To conf i rm these 
findings, the effects  of sho r t -  and long-periodic per turbat ions of the planets 
on Comet  Encke m u s t  be considered.  
tables  giving the position within the s o l a r  s y s t e m  of the planets in the past  
2500 y e a r s .  

In o r d e r  to 

This  r equ i r e s  the construct ion of 

D r .  Hamid is in the p rocess  of construct ing these tables  using the 
theor ies  of Newcomb, L e v e r r i e r ,  and Clemence.  Phys ica l  fo rces  affecting 
the comet s  should be detected through the compar ison  of the observed posi-  
t ions with the predicted positions. 

D r .  Hamid has  a l so  general ized and p rogrammed  fo r  computer  develop- 
men t  Brouwer ' s  approach  to the computation of the secu la r  per turbat ion of 
d i r e c t  shor t -per iodic  orb i t s .  
app roach  to bz  czrr ied su t  to any o rde r  of magnitude. He applied the com-  
plete  analyt ical  solution of the problems given by Brouwer to different orb i t s  
with the s i z e s ,  shapes ,  and or ientat ions that init ially in te rsec ted  the ea r th .  

The computer  p r o g r a m  enables  Brouwer ' s  

Some of these orb i t s  a r e  found no longer to in t e r sec t  the ea r th .  Also, 
f o r  those orb i t s  that do in te rsec t ,  i t  was found that the i r  inclinations at the 
point of in te rsec t ion  d i f f e r  f r o m  the init ial  inclination. These  findings a r e  
c o n t r a r y  to the init ial  assumptions underlying Opik's and Arnold ' s  work in 
t h e i r  Monte C a r l o  s tudies  of the or igin of me teo r i t e s ,  a s t e ro ids ,  and me teo r s .  
The  effect  of s ecu la r  per turbat ions should be considered in studying the 
evolution of these  bodies . 
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D r .  B. G. Marsden ' s  orbit-computation p rograms  a r e  essent ia l ly  com-  
plete. 
made over  an indefinite period of time, and to include the effects of the p e r -  
turbations by a l l  the m a j o r  planets.  
link the observat ions a t  two consecutive appari t ions of a few comets .  Orbi t s  
and ephemer ides  have been calculated f o r  s e v e r a l  recent ly  reported comets  
and as te ro ids .  An at tempt  i s  cur ren t ly  being made to f i t  the observat ions of 
periodic Comet  Pons-Winnecke, using photographic observat ions made 
between 1927 and 1964. The principal r eason  f o r  doing this is to investigate 
the nongravitational fo rces  that may be acting. This  comet  is well suited 
for  this study because of i ts  ve ry  close approaches to the e a r t h  and the con- 
sequent high sensi t ivi ty  of the observations.  Schemes have been devised fo r  
predicting occultations of radio sources  by comet  ta i l s ,  and a l so  fo r  ca l -  
culating the d i rec t ions  f r o m  the e a r t h  to the tangents to the orb i t s  of a number 
of comets ,  in the hope that a concentration of cometa ry  ma te r i a l  might be 
observable  there .  A r a the r  approximate calculation regarding Halley's Comet  
indicates that  the m a s s  of Whipple's proposed comet  bel t  outside the orb i t  of 
Neptune mus t  be ve ry  smal l .  

It is now possible to d iscuss  observat ions of a comet o r  as te ro id  

The p rograms  have been applied to 

D r .  Kolaczek has  prepared  for publication a review of the selenocentr ic  
spher ica l  coordinate sys t ems  in conjunction with related problems such 
a s  the influence of the moon's  precess ion  and rotation, and the t r ans fo rma-  
tion of the moon's  monthly aber ra t ion  into these coordinates.  
coordinate s y s t e m  will permit consideration of the space positions of the 
ce les t ia l  bodies f r o m  the sur face  of the moon. 

This  

F l a r e  -Star  Investigations 

M r .  Solomon has  continued r e s e a r c h  in f l a r e  s t a r s  in conjunction with 
the Jodre l l  Bank, England, and CSIRO, Aus t ra l ia ,  radio te lescopes.  A 
total  of 49 hours  of mutual observing was accomplished with these ins t ruments  
and with s e v e r a l  of the Baker-Nunn c a m e r a s .  
f r o m  previous observing per iods were reduced. 
using a microdens i tometer  was tested fo r  multiply exposed film. 
s e e m  to be good ( see  F igure  5 for  a plot of the resu l tan t  light curve) .  
Solomon plans to reduce a l l  identified f l a r e s  by this procedure.  A compen- 
d ium of c h a r t s  and a bibliography of f l a r e  s t a r s  a r e  being prepared  fo r  publica- 
t ion; the ma jo r  delay has  been in obtaining good photometric observat ions of 
the ccxx~pzrison star sequences.  

In addition, 98  hours  of da t a  
A new method of reduction 

The r e su l t s  
M r .  

Mr .  Solomon has  a l so  prepared a Special  Repor t  compiling r e su l t s  of 
var ious  photometr ic  work with the Baker-Nunn c a m e r a .  
obtained f r o m  pre l iminary  f l a r e - s t a r  work, but a r e  applicable to the 
sa te l l i t e  - tracking problem. 

These r e su l t s  were  
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UV CETl 
BAKER- NUNN FILM 
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5. a)  Multiply exposed photograph of U V  Cet i  showing - 
f l a r e ;  exposure ,  3. 8-sec a t  intervals  of 1 9 .  2 s ec .  b) Magnitude 
of U V  Cet i  der ived f rom two films taken at t ime of f la re ,  reduced 
by use  of microdens i tometer .  

27 



EDITORIAL AND PUBLICATIONS 
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The Satell i te-Tracking P r o g r a m  issued  the following Special  Reports  
during this 6-month period: 

NO. 200 - -  

NO. 236 - -  

NO. 237 - -  

NO. 238 - -  

NO. 241 - -  

NO. 242 - -  

NO. 243 - -  

Geodetic pa rame te r s  f o r  a 1960 Smithsonian Institution 
Standard E a r t h  by C .  A. Lundquist and G. Veis ( e d s . )  

Scientific horizons f r o m  satel l i te  tracking by  C .  A. 
Lundquist and H. D. F r i edman  (eds.  ) 

Baker-Nunn photography of the Intelsat  2 - F Z  apogee- 
motor  f i r ing by the Staff of SA0 

On the distribution of the Gibeon me teo r i t e s  of South-West 
Afr ica  by R. Ci t ron 

Design of a satell i te experiment  f o r  a tmospheric  density 
and near-free-molecule  -flow aerodynamics by L. S. Lam, 
G. M. Mendes, and C. A. Lundquist 

Diurnal  and seasonal-lati tudinal var ia t ions in the upper 
a tmosphere  by L. G. Jacchia  and J. W. Slowey 

South Afr ica  Baker-Nunn photography of the PAGEOS-A 
inflation and apogee burn  of the Agena D by W. Kirchhoff 
and J. Lat imer  
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